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LONG-TERM GOAL:

My long-term goal is tdearn how to remotely sense thpeties of the marine
atmospheridoundary layer, includingnean wind speed and diremi the depth of the
boundary layer, and theagpal distribution of atmospheriatbulence, using deéast
synthetic aperture radar (SAR).

SCIENTIFIC O BJECTIVES:

The objectivdor this year was to begin the analysis ofagdadset made up of
simultaneous in sitwtbulencemeasurements and SAR imageWith this data set |
can test the hypothesis that radar baakerfrom the @wean srface can image
atmosphericurbulence and boundary-layer projpes. This verk is funded by ONR
Marine Meteorology and $ge and Remote Sensing.

APPROACH:

My approach includes SARhage analysigfor extractinghypotretical atmospheric-
turbulence signatures) atiche-series analyses. The analysis of time series includes
"guadrant analysis" using various definitions of the mean flow, spectral analysis, and
various moving operations. Bernie Walter of Northwest Rese¥gsiriates arranged

for the simltaneous capture of the SAR image and in sitbulence dta. Hary Stern

of APL has been doing the bulk of the imayecessing and turbulencatd analysis.
Chris Vogel ofNOAA, who was nvolved in the acquison of the turbulenceata, has
also helped with turbulenceath analysis.

WORK COMPLETED:

The work comfeted includes SAR image analysigy(fre 1), identitcation in the time
series of roll-vortex signatures (figure 2), analysiteofiporal variations in temperature
profiles (figure 3), and conigtion of preliminary quadrant analysis which includes
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correlation of gust miofronts with roll votices (figure 4). Also comlpted is an
analysis of the averaging length necessary to get a convergent valuenwathe
backscattefrom the @ean arface and its comparison with the averaging length
necessary to get a convergergan wind speed in the same place as the backscatter
(figure 5).

RESULTS:

A summary of the results is as follows. Figure 1 shows the hgpo#h signatures of
atmospheric rolVortices in the radar backscatter pattdrom the @ean arface. (Note

that Bernie Walter has used a different analysis of the same SAR image to successfully
identify roll vortices.) Fgure 2 shows roll vortex signatures in three series that are of
comparable scale to tliypotletical signatures in the SAR image. (Note that Bernie
Walter has used a different analysis of the same time series to successfully identify roll
vortices.) Taken together, this is the first definitiegrelation of in situ and SAR
signatures of roll vortices. ure 3 shows that this boundary layer’s height is

temporally varying: in particular there is amstg subsidence event. Tieans that in

order tolearn how to extract invemn-layer depths from SARnages based on the

spacing of the roll-vortex signatures, one must takedantmunt and coectfor the

possibility of significant teqporal variations ilboundary-layer structure. Figure 4 shows
the distribution of small-scal@tbulence and its calation with large-scalaitbulence

(that is, due to roll vortices). This shofes the firsttime in a definitive way the

modulating influence of large-scalerbulence on the gpial distribution of gust
microfronts. Figure 5 shows the lengtiakes required to get amvergenimean radar
backscattefrom the SARmage of Fgure 1. This lengthcgale is similar to that

necessary to define a convergemgan windrom simutaneous in-situ wind fields.

IMPACT/APPLICATION:

The impact of this wrk is as follows. If this @liminary work bears fruit, then we can
argue that SARmages can be used to remotely sense the instantaneous spatial
distribution of atmospheriaitbulence over theogan. Also, it may be prudent to have
simultaneous rapid-scan GOE®wutlimages and SAR images if one wants to infer
boundary-layer height renaly because of the possibility of subsidence.

TRANSITIONS:

Transitions of this work in the short-term are likely to be manifest in the work of Ted
Rogers (of NRaD in San Diego) who wishesgarn how to relate the spatial patterns of
high-grazing angle radar backscatieym the @ean srface to lowgrazing angle radar
backscattefrom the @wean arface (the latter often being called "clutter").

RELATED PROJECTS:

In addition to the work of Ted Rogers, a closalatedproject includes my recently
funded study by the &tional Science dundation to look at the signature afmospheric



turbulence over Lake Michigan in siftaneous SAR imagery and in sitwrlulence
measurements.

REFERENCES:

Besides a Physics of Fluids paper which has recently been re-submitted, | am in the
process of writing up the results summarized in therés of this report. One of the
papers (based on combining figure 1 and figureiR)o& done with BerniéValter, with
Bernie as first author. In a septe papeunder constretion with Chris Vogel and Tim
Crawford, | wil explore the relationship between large eddies and gusbfroats as
manifest in SAR images and cameent in-situmeasurements. | would like to also write
up a comparison of the statistics of radar backscatter and in-situ wind fields. Finally,
this work will form the basis of itializing a large-eédy simuation of thisboundary

layer based only on remotely-sensed data.



Figure one:A SAR image of the ocean surface during the ONR/MBL-ARI The
image measures 50 km to a side. The straight dark lines show the flight track of the
NOAA LongEZ aircraft, whose turbulencatd is shown below. The stredksm upper
left to lower right are the signatures of atmosphericuaitices in the oceaniudgace-
roughness giterns that are imaged by the SAR. Their spacing is oortlee of 600 -
1000 m, about tige the height of thboundary layer at thiéme of the image, and they
are oriented within five degrees of the surface-layer wind.
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Figure two:Signatures of roll vortices in in-situ time series oatmospheric
turbulence. The top line shows the perturbation to the mean flow (defined by a five-
second runningnean, represented by the ulading solid line in this part of thedure)
which contains the signature of rebrtices: negative valueswespond to low-
momentum air within roll-vortex updrafts; ptige values orrespond to high-

momentum air within roll-vortex down drafts. The second line shows the five-second
runningmean of the cross-wind divergence. Positive values show areas of divergence

(indicative of the bases of down drafts); negative values show arearsvefrgence
(indicative of the bases apdrafts). Convergee/divergence regions are lagrelated

with low-/high- momentum regions. The third and fourth lines show the instantaneous

vertical and cross-wind velocities, respectively, with their fiveaadaunningneans.
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Figure thee:Vertical profiles of atmospheric temperature captured at the times
indicated at the top of th@rofiles. The pairs at each time are associated with aircraft
descents and ascentBhe sharp kink in the pribés (at dout 730 m in the first prog,

for example) gives eneasure of the inversion height. Thgulies demonsite that there
was significant subsidenckiring the expement. The SAR image was captuihating
the peak of the subsidence, between 18:16 and 19:18 Universal Time, when the
boundary-layer height changed from about 700 m to 375 m.
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Figure four:Preliminary quadrant analysis. The first and second lines show the
instantaneous wind components (along-wind antoarwind conponents,
respectively) relative to a twenty-gew runningmean. The third line shows their
prodict: the instantaneous R&olds stress or momentum flux caused by both roll
vortices and smaller-scalerbulence. Using a “quadrant analydisthnique that
identifies the significant momentum flux events, the bottom line shawsuping of
them within two catgories: ejectiongupward momentum-flux events) and sweeps
(down ward momentum-flux events). Tajctions are primarily within the rellortex
updrafts and the sweeps ar@arily within the rollvortex down drafts. Indeed, the
spacing between groups@kections ogroups of sweeps is tharme as between roll
updrafts and down drafts, resgively. This small-scalaitbulence, modated by the
roll vortices, is what actuallyppughens thea@ean srface in a way that can be imaged
by SAR. u'w'/(urms wrms) w' (m/s) U (/s
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Figure five:Radar-backscatter averaging length as a function of position across
radar-backscatter streaks If the radar backscatter patterns are caused by atmospheric
turbulence, lengthcailes extractettom various gtistical measures applied to each of
the backscatter fields andrbulence ields $ould be comparable. Shown here are two
bounds on the convergent runnimgan of radar backscatter cross-section téken

the SAR image of [gure one. This runningean is calculatedahg lines that are
perpendicular to the axes of the SAR streaks shown in Figure onanajbety of the
length scales that define artcvergenimean radar backscatter rarfgan two to six
kilometers. Cross-roll aircraft flights can measure the mean wind in the same way that |
have just calculated the mean radar backscatter. Using the same criterion for
convergence for themean wind aor the radar backsitter, the resulting length scales
(with far fewer realizationgjnforturately) are of comparable size to the length scales
required to construct a convergeméan radar backscatter value. This is consistent with
the hypothesis that the radar bakser patterns are caused by atmospharkwutence.

SAR Image / Variation of L Along Streaks

8
4
2
. . . .
2 4 6 8

distance across streaks (km)

cutoff lengths (km)
o

= Ll HH\H‘H\‘H\‘H\

o



